INTRODUCTION
Prostatic hypertrophy occurs commonly in only two species, man and dog (1) (2) (3) (4) . While there are histological differences between the two (3) (4) (5) , the prostatic hypertrophies in man and dog have many features in common (5) (6) (7) (8) , suggesting use of the latter as a model for study of pathogenesis. In earlier studies we found a correlation between the rate of dihydrotestosteronel formation and prostatic growth in 11 animal species (9, 10) . It was also shown that the dihydrotestosterone content of hypertrophic prostates of man and dog was 'Abbreviations used in this paper: androstanediol, 5a-androstane-3a, 17p8-diol; dihydrotestosterone, 17fi-hydroxy-5a-androstan-3-one; estradiol, 1,3,5 (10)estratriene-3,17fi-diol; estrone, 3-hydroxy-1,3,5 (10) estratrien-17-one; testosterone, 17p8-hydroxy-4-androsten-3-one.
elevated (11, 12) , leading to the proposal that unregulated dihydrotestosterone formation might be the cause of the disease. However, treatment of castrate dogs for up to 2 yr with dihydrotestosterone or testosterone failed to induce prostatic hypertrophy, despite attainment of concentrations of the two hormones in the prostate equivalent to those seen in control (noncastrate) dogs that had developed the disorder (13, 14) .
In view of these results, we decided to test the effects of estradiol and androstanediol on prostatic growth in the dog. Both hormones are normal products of the testes (15) .' The results to follow indicate that benign prostatic hypertrophy can be produced by the chronic administration of androstanediol, and when estradiol was given in combination with androstanediol, all animals developed hypertrophy.
METHODS
Two different experimental protocols were followed. In the first two experiments, rectal examination was performed on male mongrel dogs, estimated to be between 1 and 2 yr of age, to exclude the presence of prostatic hypertrophy. The animals were divided randomly into groups and were kept either as control animals or castrated. In the third experiment (Table I) , the glands were exposed surgically, three-dimensional measurements (length, width, and depth) were made with calipers, and prostate weight was estimated from the nomogram shown in Fig. 1 . The animals were then castrated and divided into groups so that average prostatic weights were comparable. Intramuscular injections of either 1 ml triolein (control) or triolein containing androgen (25 mg/ml), estrogen (0.25 mg/ml), or androgen plus estrogen were given three times weekly for the indicated periods. Total weekly dosage in all instances was 75 mg for androgens and 0.75 mg for estrogens. At 6-mo intervals the animals were subjected to repeat laparotomy for reassessment of prostatic size or Prostate volume was estimated at the time of exploratory laparotomy in a group of mongrel dogs, and the prostate weights were estimated from the nomogram shown in Fig. 1 . The animals were then grouped so that the normal prostates were approximately equal in size (groups I-IV), and a group with early prostatic hypertrophy was identified (group V). Groups II-V were then castrated, and drug regimens were begun consisting either of 1 ml of triolein alone three times a week or the same volume of triolein containing androstanediol or dihydrotestosterone (25 mg three times a week) with or without estradiol (0.25 mg three times a week). At the end of 6 mo, exploratory laparotomy was performed, and the weights were estimated from the threedimensional volumes as before. At the end of 12 mo, the animals were killed, and the prostates were removed, weighed, and examined histologically.
killed. At the termination of all experiments, the prostates were removed, cleaned, weighed, and examined histologically.
All steroids were obtained from Steraloids, Inc., Pawling, N.Y.
RESULTS
In the first studies (results not shown), the effect of 6-mo treatment with estrogen alone or in combination with androgens was assessed in 10 produced significant prostate growth (average weight 4.8 and 3.3 g, respectively) when compared to the average weight in control castrates in this laboratory (3.3 g). When dihydrotestosterone or testosterone was added to estrone and estradiol at these dosages, the effect was no different from that of the androgens given alone (13, 14) . Similar studies were carried out with 3a-androstanediol in a second group of 10 dogs. At the end of 6 mo, two of four animals treated with androstanediol had prostates greater than 15 g in weight, and both of two animals treated for 1 yr had profound prostatic enlargement, averaging 24.9 g in weight. Thus, for the first time, enlargement of the prostate comparable to that seen in natural prostatic hypertrophy had been produced in the castrate animal. All previous studies were performed on mongrel dogs without quantitative assessment of initial prostate size. To be certain that the prostatic hypertrophy was in fact induced by the treatment and not the result of unsuspected variation in initial prostatic size, a prospective study was devised. First, a nomogram was constructed that allows estimation of prostatic weight from the measurement of three-dimensional volume (Fig. 1) . Initial prostatic weights were estimated from the nomogram, and animals with equivalent prostatic weights (4.5-5.6 g) were either castrated or kept as controls (Table I) . The castrates were then given androstanediol (group II), dihydrotestosterone plus estradiol (group-III), or androstanediol plus estradiol (group IV). A group of animals found to have early prostatic hypertrophy (average weight of prostate, 17.5 g) were castrated and given androstanediol plus estradiol (group V). In all groups, the most significant weight changes occurred within the first 6 mo of the study. Androstanediol treatment resulted in a mean increase in prostatic weight of 10.1 g in 1 yr. Two of five animals had prostates greater than 15 g at the end of the study (21.1 and 15.8 g, respectively). One of three untreated control dogs also developed an enlarged prostate (16.2 
g).
Even more striking results were produced by the combination of androstanediol plus estradiol. In this group the average increase in gland size was 31.2 g; in the five animals the smallest prostate weighed 32.5 g while the largest was 40.6 g. In contrast, treatment with estradiol plus dihydrotestosterone caused no significant weight change. The findings in the group V animals, in which androstanediol and estradiol were administered to dogs with initially enlarged prostates, were almost identical to those of group IV. Average weight increase was 38.9 g, and final weights were 43.8, 63.9, and 61.6 g.
Representative photographs of prostates removed from dogs of groups I-IV are shown in Fig. 2 . It is clear that androstanediol alone causes growth equivalent to that seen in the control (naturally occurring) hypertrophy, and that androstanediol plus estradiol produced an even greater increase in size.
The histological features of various prostates from this study are illustrated in Fig. 3 . The hypertrophic canine prostate characteristically exhibits microcyst formation in the midst of an active secretory epithelial network, as can be seen clearly in Fig. 3a . Similar changes were seen in two prostates with androstanediolinduced prostatic hypertrophy (Fig. 3b and 3c) . The prostate from the estradiol-treated castrate (Fig. 3d) contains no demonstrable secretory epithelium and is indistinguishable from that of the untreated castrate (12) . Dihydrotestosterone plus estradiol resulted in areas of epithelial differentiation amidst islands of undifferentiated stroma (Fig. 3e) , whereas estradiol plus androstanediol caused a striking epithelial hyperplasia (Fig.  3f) .
DISCUSSION
The present experiments were undertaken to develop an experimental model for prostatic hypertrophy in the dog. Criteria for the definition of prostatic hypertrophy have been formulated differently by various authors. Berg has reported that the normal dog prostate never weighs more than 15 g (16, 17) , and it has been emphasized by several workers that cystic dilatation of the epithelial acini is a common histological feature of the disorder (3, 7, 17) . According to these criteria, we have succeeded in inducing prostatic hypertrophy in the castrate dog with androstanediol alone and with estradiol in combination with androstanediol. The present findings are in distinct contrast to the failure of testosterone and dihydrotestosterone, alone (13, 14) and in combination with estrogen, to induce such growth. The ultimate proof that prostatic hypertrophy has been induced in the castrate dog will require in addition the demonstration that symptomatic urinary or rectal obstruction has been induced.
Considerable additional work is required to determine whether these findings have causal implications as to the etiology of prostatic hypertrophy. Since dihydrotestosterone can be converted to androstanediol in the prostate (18) , it is surprising that androstanediol promotes prostatic growth more efficiently than dihydrotestosterone itself. The dog prostate contains both 3a-and 3fi-hydroxysteroid oxidoreductases (18) , and it is possible that the unique feature of the 3a (as contrasted to the 3P) androstanediol is that it circumvents the formation of the 3P derivative, which does not promote growth of the rat prostate (19) . Pharmacological doses of hormones have been utilized in the present study, and it will be necessary to determine whether prostate growth can be induced by physiological doses. Along these lines, it will also be critical to measure 
